(§> 



Europai h s Patentamt 
European Patent Office 
Office europe n des brevets 




@ Publication number : 0 601 825 A1 



EUROPEAN PATENT APPLICATION 



(g) Application number : 93309798.2 
@ Date of filing: 07.12.93 



© mt.ci. 5 : F01D 25/28 



(S3) Priority : 09.12.92 US 987784 

@ Date of publication of application : 
15.06.94 Bulletin 94/24 

(S) Designated Contracting States : 
CH DE FR GB IT LI NL SE 

@ Applicant : GENERAL ELECTRIC COMPANY 
1 River Road 

Schenectady, NY 12345 (US) 



@ Inventor : Knuljt, Hans (NMN) 
859 Pearse Road 
Niskayuna, New York 12309 (US) 

@ Representative : Pratt, Richard Wilson et al 
London Patent Operation 
G.E. Technical Services Co. Inc. 
Essex House 
12/13 Essex Street 
London WC2R 3AA (GB) 



(g) Mounting arrangement for a single shaft combined cycle system. 



(57) A power generation system comprising a gas 
turbine (12), a steam turbine (14) and a 
generator (16) are mounted on a foundation (22) 
in substantial axial alignment and connected by 
a single shaft (20). A thrust bearing (24) is 
located on the shaft in one of the gas turbine or 
steam turbine. Whichever of the gas turbine and 
steam turbine contains the thrust bearing is 
flexibly secured to the foundation, and the other 
of the gas turbine and the steam turbine, as well 
as the generator, are rigidly secured to the 
foundation. A pair of rigid tie rods (34) also 
extend between the steam and gas turbines, 
parallel to the shaft, to maintain a predeter- 
mined axial distance between the turbines, 
while allowing relative movement in a plane 
perpendicular to the shaft 
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TECHNICAL FIELD 

This invention relates to combined cycle (steam 
and gas) systems for power generation or power and 
thermal energy production. More specifically, the in- 
vention relates to a foundation mounting arrange- 
ment for the gas turbine, steam turbine and generator 
components of a combined cycle, single shaft sys- 
tem. 

BACKGROUND ART 

Combined cycle systems utilizing both gas tur- 
bines and steam turbines In combination with a gen- 
erator are known. Such systems include both single 
shaft and multi-shaft configurations. Atypical reheat 
combined cycle system consists of one gas turbine, 
one steam turbine, one generator and one heat recov- 
ery steam generator. The gas turbine and steam tur- 
bine are coupled to the single generator in a tandem 
arrangement by means of a single shaft. The known 
single shaft combined cycle units have been lower 
power units (relative to the present invention) in 
which the gas turbine, steam turbine and generator 
have been hard mounted to the foundation. In such 
units, both gas and steam turbines have their own 
thrust bearings for rotor axial clearance control. The 
axial thermal expansions in the rotor shaft are taken 
up with a flexible coupling located in the rotor shaft 
somewhere between the gas and steam turbines. 

DISCLOSURE OF THE INVENTION 

In larger combined cycle, single shaft power gen- 
eration units, the large shaft torque makes it difficult 
to include a flexible coupling which would take up any 
cold to hot thermal growths. Since it is a single shaft 
with no flexible couplings, only one thrust bearing is 
designed into the system. Since axial clearances are 
very important in both the gas and steam turbines, 
the turbine units are placed next to each other in line, 
and the thrust bearing located in a way to minimize 
the effect of shaft thermal expansions. Thus, if the 
thrust bearing is located in the gas turbine, then it is 
located as close to the steam turbine as possible. On 
the other hand, if the steam turbine is chosen as the 
location for the thrust bearing, then the bearing will 
be placed as close to the gas turbine as possible. This 
single shaft system as described above requires that 
the relative axial motion between the steam and gas 
turbines be controlled. 

The present invention solves the relative axial 
motion problem by supporting these large gas tur- 
bines or steam turbines such that th unit as a whole 
isisolat d from axial distort! nsofth foundati nand 
supporting structures. At the same time, the mount- 
ing arrangement liminates r lativ axial motion be- 
tween th gas turbine and steam turbine. 



In an exemplary embodiment of the invention, 
four pivoting support legs flexibly mount ither the 
gas turbine or the steam turbine to the supporting 
foundation. If the gas turbine is provided with the 
5 thrust bearing, then it is the gas turbine which is se- 
cured to the foundation by means of the four pivoting 
support legs. On the other hand, if the thrust bearing 
is located in the steam turbine, then it is the steam 
turbine which is mounted to the foundation through 
10 the use of the four pivoting support legs. In either 
case, a pair of tie rods, extending substantially paral- 
lel to the single shaft, connect the gas turbine to the 
steam turbine to maintain a predetermined axial dis- 
tance therebetween. The tie rods may incorporate 
15 joints, however, which will permit relative up and 
down, and side to side movementof the steam turbine 
relative to the gas turbine. 

In accordance with the broader aspects of the in- 
vention, therefore, there is provided a power genera- 
20 tion system including a gas turbine, a steam turbine 
and a generator mounted on a foundation, in substan- 
tially axial alignment and wherein the gas turbine, 
steam turbine and generator are connected by a sin- 
gle shaft, the improvement comprising a flexible con- 
25 nection between one of the gas turbine or the steam 
turbine and the foundation, and a rigid connection be- 
tween the other of the gas turbine or steam turbine 
and the foundation; a rigid connection between the 
generator and the foundation; and a pair of tie rods 
30 extending substantially parallel to the shaft and be- 
tween the gas turbine and the steam turbine. 

This particular solution to the above described 
problem has the advantages of allowing the elimina- 
tion of a thrust bearing, a flexible coupling in the rotor 
35 shaft and the gas turbine insulation, while accommo- 
dating axial thermal growths in the foundation. The 
mounting arrangement of this invention can also be 
implemented with various foundation schemes. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 is a schematic diagram of a known sin- 
gle shaft combined cycle power generation sys- 
tem; and 

FIGURE 2 is a partially schematic side view of a 
gas turbine, steam turbine and generator mount- 
ing arrangement in accordance with this inven- 
tion. 
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BEST MODE FOR CARRYING OUT T HE 

INVENTION " 



Figure 1 schematically shows a known reheat, 
combined-cycl , single shaft system 10 typically util- 
55 iz d for electric p w r production and industrial coge- 
neration applications. Such a system includes a gas 
turbin 12, a steam turbin 14 and a g n rator 16. A 
heat recovery steam g nerator 18, auxiliaries and 
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plant controls (not shown) are matched to the equip- 
ment to form an int grated power system as will b 
appreciated by those skilled in the art In the illustrat- 
ed embodiment, the gas turbine 12 and steam turbine 
14 are coupled to the generator 16 in a tandem ar- 
rangement by a single shaft 20. 

With reference now to Figure 2, the gas turbine 
12, steam turbine 14 and generator 16 are shown in 
place on a supporting foundation 22 in accordance 
with an exemplary embodiment of the invention. A 
conventional thrust bearing 24 for the single shaft 20 
is located in the gas turbine 12, atthat end of the gas 
turbine 12 closest the steam turbine 14. The gas tur- 
bine 12 is mounted on the foundation 22 by means of 
four pivoting support legs 26 (two shown), one pair at 
each end of the gas turbine. Legs 26 are each pivo- 
tally secured to the gas turbine 12 and foundation, re- 
spectively, at opposite ends by means of pins 28, thus 
forming a "parallel linkage" type mounting arrange- 
ment between the gas turbine 12 and foundation 22. 
This arrangement allows the foundation 22, typically 
concrete, to deform thermally (axially) without caus- 
ing the gas turbine 12 to move forward (toward the 
steam turbine 14) or rearward (away from the steam 
turbine 14). 

The steam turbine 14 is hard mounted to the 
foundation 22 via support legs 30 which are typically 
bolted to the foundation. The generator 16 is similarly 
mounted via support legs 32. 

The gas turbine 1 2 and steam turbine 14 are also 
connected to each other by means of a pair of rigid tie 
rods 34 extending substantially parallel to the shaft 
20 and fixed between opposed faces of the gas and 
steam turbines 12, 14. The tie rods 34 may each be 
provided with a pair of spherical or hinge joints 36 ad- 
jacent opposite ends of the respective tie rod 34. 
These tie rods 34 serve to maintain a predetermined 
axial distance between the gas and steam turbines 
under all conditions of operation, but allow some rel- 
ative movement in a plane perpendicular to the shaft 
20. In other words, this arrangement accommodates 
some movement (up and down, and side to side) of 
the steam turbine relative to the gas turbine to there- 
by prevent undesirable bending stresses in the tie 
rods. 

In accordance with the invention, the hinged or 
flexible mounting arrangement is employed with the 
turbine unit 12 or 14 in which the thrust bearing 24 is 
located. In the above described embodiment, the 
thrust bearing 24 is located in the gas turbine 12, and 
the latter is flexibly mounted to the foundation 22. !t 
will be appreciated that in the event the thrust bear- 
ing 26 is located in the steam turbine 14, the latter will 
b secured to the foundation 22 by means of the piv- 

ting support legs 26. This alt rnative arrang ment 
Is shown in phantom in Figure 2 with common refer- 

nce numerals but with a "prime" designation added. 
In ither of the abov describ d mbodiments, 



the support legs 26 are preferably of stainless st el 
construction and, in one mbodiment, may be about 
2 inches thick and 60 inches long. 

The above described mounting arrangements 
5 thus permit large combined cycle, single shaft units 
to be isolated from axial distortions of the supporting 
foundation (and other associated supporting struc- 
tures), while also eliminating relative axial motion be- 
tween the gas turbine and steam turbine units them- 
10 selves. The arrangement also facilitates the incorpor- 
ation of earthquake protection measures, e.g., if a 
well designed clearance pin is used to replace the 
shipping pin in the forward gas turbine gib location. 
While the invention has been described with re- 
ts spect to what is presently regarded as the most prac- 
tical embodiments thereof, it will be understood by 
those of ordinary skill in the art that various altera- 
tions and modifications may be made which never- 
theless remain within the scope of the invention as 
20 defined by the claims which follow. 



Claims 

25 1 . In a power generation system including a gas tur- 
bine, a steam turbine and a generator mounted 
on a foundation, in substantially axial alignment 
and wherein the gas turbine, steam turbine and 
generator are connected by a single shaft, the 

30 improvement comprising: 

a flexible connection between one of the 
gas turbine or the steam turbine and the founda- 
tion, and a rigid connection between the other of 
the gas turbine or steam turbine and the founda- 

35 tion; 

a rigid connection between the generator 
and the foundation; and 

a pair of tie rods extending substantially 
parallel to said shaft and between the gas turbine 
40 and the steam turbine. 

2. The power generation system of claim 1 wherein 
a thrust bearing for the shaft is located in the gas 
turbine. 
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3. The power generation system of claim 2 wherein 
the flexible connection is between the gas tur- 
bine and the foundation. 

4. The power generation system of claim 1 wherein 
a thrust bearing for the shaft is located in the 
steam turbine. 

5. The pow r generation syst m of claim 4 wherein 
thefl xibie connect! nisb twe nth steam tur- 
bln and the foundation. 

6. The power generation system of any of claims 1- 
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5 wherein each tie rod is provided with a pair of 
hinge joints adjacent opposit ends of th tie rod 
which permit relative movement between the 
steam turbine and gas turbine in two degrees of 
movement perpendicular to said shaft. 5 

7. The power generation system of any of claims 1 - 
5 wherein each tie rod is provided with a pair of 
spherical joints adjacent opposite ends of the tie 

rod which permit relative movement between the 1 o 
steam turbine and gas turbine in two degrees of 
movement perpendicular to said shaft. 

8. A power generation system comprising a gas tur- 
bine, a steam turbine and a generator mounted 15 
on afoundation insubstantial axial alignment and 
connected by a single shaft, a thrust bearing lo- 
cated on the shaft in one of the gas turbine and 
steam turbine; said one of the gas turbine and 
steam turbine being flexibly secured to the foun- 20 
dation, and the other of said gas turbine and said 
steam turbine being rigidly secured to the foun- 
dation. 

9. The power generation system of claim 8 wherein 25 
said flexible mounting arrangement includes two 

pair of support legs, each having first and second 
ends and each pivotally secured to said founda- 
tion at said first ends and to said one of said gas 
turbine and steam turbine at said second ends. 30 

1 0. The power generation system of clai m 8 wherein 
a pair of tie rods extend between said gas turbine 
and said steam turbine to maintain a predeter- 
mined axial distance between said steam turbine 35 
and said gas turbine. 

11. The power generation system of claim 1 wherein 
said tie rods extend substantially parallel to said 
shaft. 10 

12. The power generation system of claim 10 where- 
in each tie rod is provided with a pair of hinge 
joints adjacent opposite ends of the tie rods. 

45 

13. The power generation system of claim 10 where- 
in each tie rod is provided with a pair of spherical 
joints adjacent opposite ends of the tie rods. 

14. The power generation system of claim 10 where- so 

in said one of said gas turbine and steam turbine 
comprises said gas turbine. 

15. Th powerg n erat ion system of claim 10 wher - 

In said on of said gas turbine and steam turbine 65 
comprises said steam turbine. 



4 




5 



EP0 601 825 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 93 30 9798 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


tnaation of ■omiacnt with indication, wacic appropriate. 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (IalCL5) 


Y 

Y 


US-A-4 961 310 (J H MOfiRF FT Al ^ 

* abstract * 

* column 4, line 23 - line 29 * 

* figures * 


10-12, 
14, 15 

7.9,13 


F01D25/28 


Y 


FR-A-1 332 074 (S0CI6TE RATEAU) 
* the whole document * 


1-6.8, 

10-12,o 

14,15 




Y 


GB-A-1 506 952 (ROLLS-ROYCE LTD.) 


7,13 




Y 


EP-A-0 374 645 (ASEA BROWN BOVERI AG) 
* abstract; figure 1 * 


9 




A 


GB-A-346 028 (BBC AKTIENGESELLSCHAFT BROWN 
BOVERI &CIE.) 


1 




A 


US-A-3 843 281 (P MEYLAN^ 


i 


TECHNICAL FIELDS 
SEARCHED OscCLS) 


A 


FR-A-1 338 871 (S0CICT£ RATEAU) 


l 


F01D 
F16M 


A 


EP-A-0 056 171 (BBC AKTIENGESELLSCHAFT 
BROWN BOVERI &CIE.) 


l 




A 


FR-A-2 315 056 (BBC AKTIENGESELLSCHAFT 
BROWN BOVERI &CIE.) 


l 




The present search report has been frmwn op for all duns 

Race «f i«kIi iw« *# hui. wii. — - * 







THE HAGUE 



21 February 1994 



J. 



Criado -Jimenez, F 



CATEGORY OF CITED DOCUMENTS 

X : part cotarly relevant If takes alone 
Y : aarticatariy relevant If coaMaef with another 
ao caaent of Che no* category 

O: 
P: 



T ; theory or principle underlying the invention 
E : earlier patent exuot, bat puMUM on, or 

after the filing dale 
D i tocanent dtei la the application 
L : tocoraent dtei for otter reasons 

A : nenber of the sam 



6 



